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The microRNA-7 family
MicroRNAs (miRNAs) have diverse roles in a number of biological processes; however, many functions of these regulators remain largely a mystery. In this issue, Ahmed et al. provide new functional information about the miR-7 family, a small but conserved family of noncoding RNAs that consists of three members -miR-7a1, miR-7a2, and miR-7b (1) . Members of the miR-7 family are expressed throughout neuronal development and exhibit a particularly robust expression in select neuroendocrine cells, most notably in cells of the mouse anterior pituitary. Then, at various stages of development, these miRNAs target a series of miRNA-response elements that begin to be expressed primarily in the 3′ UTRs of several neuroendocrine genes that are key for subsequent anterior pituitary development. Collectively, this chain of developmental events sets the stage for these miRNAs to bind developmental genes and reverse the repression of several "downstream" genes and allow precise control of protein expression that they have been sustaining. These dynamic changes carefully orchestrate the delicate pas de deux that constitutes organ differentiation.
Using clever genetic and biochemical approaches to perturb the miR-7 family in the murine hypothalamus and pituitary across developmental stages and during adulthood, Ahmed et al. have established that, among these three miR-7 precursors, only miR-7a2 is highly enriched in the pituitary. Additionally, only loss of miR-7a2 function produced selective hypogonadotropism as the result of suppression of the biosynthesis and secretion of follicle-stimulating hormone (FSH) and the genes encoding the α and β subunits of luteinizing hormone (LH) in mouse gonadotropes. The ensuing gonadotropin deficiency produced profound downstream hypogonadism in both sexes that was reversed by exogenous gonadotropin administration in female miR-7a2-deficient mice, thus eliminating the possibility of any intrinsic gonadal component to this hypogonadism. In addition to the specificity of this hypogonadotropic hypogonadism to the loss of miR-7a2 and not to other members of the miRNA-7 family, the hypogonadotropism was secondary to defects selective for the anterior pituitary, with no evidence of hypothalamic gonadotropin-releasing hormone (GnRH) defects.
miR-7a2 targets and gonadotropin biosynthesis pathways
Further, Ahmed et al. identified potential miR-7a2 targets responsible for the miR7a2 deficiency-related hypogonadotropism by applying RNA sequencing to transcripts from the pituitary of miR-7a2-deficient animals compared with controls. Bioinformatic analysis revealed tissue-specific upregulation of two genes: Ptgfrn, which encodes a negative regulator of prostaglandin receptor F2a, and golgi glycoprotein 1 (Glg1), a member of the cysteine-rich FGF receptor family. In addition, miR-7a2 KO mice displayed a drastic reduction in gremlin 1 (Grem1), a secreted bone morphogenetic protein 4 (BMP4) antagonist whose reduction was mediated in part by disinhibition of GLG1, consequently leading to increased BMP activity, which is known to affect pituitary development and impair gonadotrope function (2, 3) . Furthermore, among the 55 most regulated miR-7 targets, silencing of Ptgfrn and Glg1 in gonadotrope-specific pituitary cell lines induced hormone expression, indicating that these genes act as negative regulators of pituitary hormone transcription. Taken together, these results uncover at least two previously unappreciated signaling pathways that appear to be obligate intermediates, at least in this clever new model of selective hypogonadotropism. Neither the TGF-β/BMP4 axis nor the prostaglandin-signaling pathway has drawn much attention as a major player in gonadotropin biosynthesis and/or secretion. The findings of Ahmed et al. now provide important new leads on potential intermediates in gonadotropin biosynthesis pathways that will require considerable follow-up. However, the study by Ahmed and colleagues represents novel findings that seem to be internally coherent and robust across multiple biological approaches.
In addition to providing insights into gonadotropin biosynthesis pathways, the current study by Ahmed MicroRNAs (miRNAs) have emerged as important regulators of a variety of biological processes and pathways. In this issue of the JCI, Ahmed et al. reveal that miR-7a2 is a critical regulator of sexual maturation and reproductive function, as mice lacking miR-7a2 develop hypogonadotropic hypogonadism and infertility. Using a bioinformatics approach, the authors identified several miR-7a2 target genes and pathways that have not been previously associated with gonadotropin biosynthesis and/or secretion. Together, these results identify miR-7a2-regulated genes involved in reproductive hormone biosynthesis pathways and provide a framework for future studies aimed at understanding rare reproductive conditions. phenotype, like all new gene discoveries in the reproductive pathways of humans, is high. In this regard, Ahmed et al. propose that miR-7a2 and its downstream target genes are putative candidates for causing this rare subset of IHH patients with pituitary defects. While speculative, when successful, such candidate gene approaches can illuminate entirely new domains of reproductive biology that beg to be explored. The recent discovery of the critical involvement of the ubiquitination pathway as a cause of the Gordon Holmes variant of hypogonadotropic hypogonadism in humans is an example of this phenomenon, where applying genetic approaches to a rare but "prismatic" subset of IHH patients with pituitary defects has provided unique insights into previously unappreciated and critical roles for the ubiquitination pathway in gonadotrope function (9) . In this regard, the advantage of human genetics is considerable, as candidates that emerge from these basic experiments can now be queried in genomic sequencing data, which are currently being generated by several groups from humans with various forms of IHH.
In addition to contributing new knowledge and leads for other basic scientists to follow, studies such as that by Ahmed et al. provide potential targets for mapping to human disorders by clinical investigators. In addition, these studies offer potential diagnostic and therapeutic opportunities for our biotechnology and pharmaceutical colleagues seeking to either develop treatments for subsets of infertile patients (so-called personalized medicine) or novel approaches to contraception.
